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ABSTRACT: A series of sterically encumbered peri-
substituted acenaphthenes have been prepared containing 
chalcogen and tin moieties at the close 5,6-positions 
(Acenap[SnPh3][ER], Acenap = acenaphthene-5,6-diyl, ER 
= SPh (1), SePh (2), TePh (3), SEt (4); 
Acenap[SnPh2Cl][EPh], E = S (5), Se (6); 
Acenap[SnBu2Cl][ER], ER = SPh(7), SePh (8), SEt (9)). 
Two geminally bis(peri-substituted) derivatives 
({Acenap[SPh2]}2SnX2, X = Cl (10), Ph (11)) have also 
been prepared, along with bromo-sulfur derivative 
Acenap(Br)(SEt) 15. All eleven chalcogen-tin compounds 
align a Sn-CPh/Sn-Cl bond along the mean acenaphthene 
plane, and position a chalcogen lone-pair in close proximity 
to the electropositive tin centre promoting a weakly 
attractive intramolecular donor−acceptor E∙∙∙Sn-CPh/ 
E∙∙∙Sn-Cl 3c-4e type interaction to form. The extent of 
E→Sn bonding was investigated by X-ray crystallography 
and solution-state NMR and was found to be more 
prevalent in triorganotin chlorides 5-9 in comparison with 
triphenyltin derivatives 1-4. The increased Lewis acidity of 
the tin centre resulting from coordination of a highly 
electronegative chlorine atom was found to greatly enhance 
the lp(E)−σ*(Sn−Y) donor−acceptor 3c-4e type interaction, 
with substantially shorter E-Sn peri-distances observed in 







Se) spin−spin coupling constants 
(SSCCs) observed for 6 (163 Hz) and 8 (143 Hz) compared 
to triphenyltin derivative 2 (68 Hz). Similar observations 
were observed for geminally bis(peri-substituted) 
derivatives 10 and 11.  
INTRODUCTION 
Rigid polycyclic aromatic hydrocarbons naphthalene1  and 1,2-
dihydroacenaphthylene (acenaphthene)2  provide ideal scaffolds 
with which to study non-covalent intramolecular interactions.3-7 
The geometric constraints imposed by a double substitution at the 
proximal peri-positions, ensures the interacting atoms are located 
at distances well within the sum of their van der Waals radii, with 
the degree of orbital overlap and the nature of the functional 
groups involved dictating whether the interactions are repulsive 
due to steric compression or attractive as a result of bond for-
mation.4-7  Repulsion inevitably leads to deformation of the natu-
rally rigid naphthalene geometry through in- and out-of-plane 
distortions of the exocyclic peri-bonds or buckling of the organic 
framework (angular strain) and is characteristic of much larger 
peri-distances.4-7 For example, the introduction of bulky chalco-
gen atoms within the bay region of tris(sulfide) A (Figure 1),8  and 
similarly in bis(phosphines) of type B,9-11 naturally increases the 
steric congestion across the peri-gap resulting in non-bonding 
P∙∙∙P separations that are remarkably 6-13% longer than the sum 
of van der Waals radii, with the peri-distance for the former 
[4.072(3) Å] the largest ever reported.12 Bis(stannanes) C are 
further examples of severely strained molecules, with repulsion 
imposed by the two bulky tin centers leading to equally long peri-
separations (~92% ∑rvdW).
9,13,14 In contrast, substituent effects in 
5-(dichlorophosphino)-6-(diisopropylphosphino) acenaphthene D 
induce a strongly attractive donor−acceptor interaction between 
the two electronically disparate functional groups, leading to a 
notably compressed P-P bond distance of 2.257(1) Å (63% 
∑rvdW).
15 Tellurium 1,2-dications E16 and dithiole F17 have simi-
larly short E-E bond lengths (58-68% ∑rvdW) and further demon-
strate the unique ability of peri-substituted systems to relieve 
steric strain and achieve a relaxed geometry via the formation of a 
direct bond between the peri-atoms.5,18     
Under certain geometrical conditions, the presence of weakly 
attractive non-covalent forces has been shown to only partially 
counteract the effects of steric repulsion, leading to conflicting 
interpretations of the (non)bonding character of the peri-
interaction in these systems and contention over whether or not 
the peri-atoms are linked by a chemical bond.5,19-23 For example, 
DAN-phosphines G (DAN = 8-dimethylaminonaphth-1-yl), con-
taining weaker (i.e. longer) intramolecular N→P donor-acceptor 
interactions have received great attention,19-23 with a controversial 
debate arising surrounding the potential occurrence of hypercoor-
dination in these species resulting from intramolecular dative 
bond formation.  
Similar weak intramolecular donor- acceptor interactions are 
found to operate in systems containing pnictogen and chalcogen 
moieties, with distances significantly shorter than the sum of the 
van der Waals radii observed between the formally nonbonded 
peri-atoms.5,7,24-29 In bis(chalcogen) systems, the onset of 3-
center-4-electron (3c4e) bonding is found to be more prevalent as 
larger congeners are introduced,26-29 with a Wiberg bond index 
  
Figure 1. Heavily substituted acenaphthene and naphthalene systems characterized by non-covalent intramolecular interactions. 
(WBI)30 of 0.14 calculated for the relatively short Te∙∙∙Te interac-
tion (3.3674(19) Å; 82% ∑rvdW) in 5,6-
bis(phenyltelluro)acenaphthene H indicating a significant degree 
of covalent bonding.27In the related bromoselanyl cations I,28 the 
presence of an additional Br atom, a good electron acceptor, 
shortens the Se-E distance to 74% ∑rvdW, and is accompanied by a 
concomitant WBI increase to 0.26-0.30. An even stronger 3c-4e 
bond is predicted in J following the removal of a Ph group, with a 
WBI of 0.55 calculated for the Se-Se interaction which is antici-
pated to reduce to 2.52 Å (66% ∑rvdW).
28 
In heavily substituted systems incorporating Lewis-basic 
groups (NR2/PR2) in close proximity to an electropositive tin cen-
tre (K-P),31-34 a fine balance is observed between the stabilizing 
affects provided by the attraction of the donor/acceptor Lewis pair 
and the repulsive forces resulting from the steric congestion of the 
bay-region. During a study of sterically encumbered bromine-tin 
derivatives (L, M),32 and more recently in a series of phosphorus-
tin compounds (N-P),33,34 the strength of the intramolecular 
Y→Sn donor-acceptor interaction was found to be highly depend-
ent on the electronics of the substituents bound to Sn. In both 
series, the extent of covalent bonding was much greater in trior-
ganotin chlorides in comparison to their trialkyltin analogues. For 
instance, the increased Lewis acidity of the tin centre in triorgan-
otin chlorides O naturally enhances the lp(P)−σ*(Sn−Y) do-
nor−acceptor 3c-4e type interaction (WBI 0.32-0.36), resulting in 
conspicuously short P∙∙∙Sn distances up to 29% shorter than the 
sum of van der Waals radii.33 In comparison, separations in tri-
phenyltin analogues (N) are notably longer (82-84% ∑rvdW), but a 
significant degree of covalency is still predicted with WBIs of 
~0.13 predicted for the P→Sn interaction.33  
In this work we describe the synthesis and characterization of a 
series of related mixed chalcogen-tin peri-substituted acenaph-
thenes [Acenap(SnPh3)(ER), Acenap = acenaphthene-5,6-diyl, ER 
= SPh (1), SePh (2), TePh (3), SEt (4); Acenap(SnPh2Cl)(EPh), E 
= S (5), Se (6); Acenap(SnBu2Cl)(ER), ER = SPh(7), SePh (8), 
SEt (9); {Acenap(SPh2)}2SnX2, X = Cl (10), Ph (11); Figure 2] 
and investigate how the substituents bound to both the tin and 
chalcogen centers affect the strength of the E→Sn donor-acceptor 
interaction. 
  
Figure 2. (6-(Organochalcogeno)acenaphth-5-yl)tin derivatives 
1-11 and bromine-chalcogen precursors 12-15. 
 
RESULTS AND DISCUSSION 
Synthesis of chalcogen-tin acenaphthene derivatives 1-11: 
Mixed chalcogen-tin peri-substituted acenaphthenes 
[Acenap(SnR3)(ER)] 1, 2, 4-9 were prepared through stepwise 
halogen-lithium exchange reactions of previously reported 5-
bromo-6-(phenylchalcogeno)acenaphthenes [Acenap(Br)(EPh)] 
(12 E = S; 13 E = Se)27 and the corresponding unknown precursor 
[Acenap(Br)(SEt)] (15) (Scheme 1). The synthesis of 15 is omit-
ted from this manuscript, but is included in the supporting infor-
mation for completeness. Crystals of 15 suitable for X-ray crystal-
lography were grown from diffusion of hexane into a saturated 
solution of the product in dichloromethane; the structure of 15 and 
selected bond lengths and angles are deposited in the ESI. 
For the synthesis of 1, 2, 4-9, the respective bromine-chalcogen 
precursor (12, 13, 15) was treated with a single equivalent of n-
butyllithium in diethyl ether under an oxygen- and a moisture-free 
nitrogen atmosphere at -78 °C, to yield in situ the corresponding 
lithium salt [Acenap(Li)(ER)]. Without isolation, addition of the 
respective organotin chloride [Ph3ClSn, Ph2Cl2Sn, Bu2Cl2Sn] 
subsequently afforded [Acenap(SnPh3)(SPh)] (1), 
[Acenap(SnPh3)(SePh)] (2), [Acenap(SnPh3)(SEt)] (4), 
[Acenap(SnPh2Cl)(SPh)] (5), [Acenap(SnPh2Cl)(SePh)] (6), 
[Acenap(SnBu2Cl)(SPh)] (7), [Acenap(SnBu2Cl)(SePh)] (8) and 
[Acenap(SnBu2Cl)(SEt)] (9) in moderate to good yield [yield: 39 
(1), 44 (2), 41(4), 40 (5), 39 (6), 23 (7), 62 (8), 53% (9); Scheme 
1].  
Due to the preferential removal of the tellurium moiety by n-
butyllithium,27 the corresponding reaction of [Acenap(Br)(TePh)] 
14 with Ph3ClSn to form [Acenap(SnPh3)(TePh)] 3 was not at-
tempted. Instead, 3 was prepared following a similar procedure, 
but starting from [Acenap(Br)(SnPh3)]
32 and with addition of 
diphenyl ditelluride following the initial lithiation step [yield: 
79%; Scheme 1]. In addition, similar treatment of the sulfur-
lithium precursor of 12 with tin chlorides SnCl4 and Ph2Cl2Sn 
afforded geminally bis(peri-substituted) chalcogen-tin acenaph-
thene derivatives [{Acenap(SPh)}2SnX2] 10 (X = Cl) and  
Scheme 1. The preparation of chalcogen-tin acenaphthenes 
1-9Acenap(SnR3)(ER) (ER = SPh, SePh, SEt; R3 = Ph3, Ph2Cl, 
Bu2Cl).
a    
aLegend: (i) nBuLi (1 equiv.), Et2O, -78 °C, 1 h; (ii) Ph3ClSn (1, 
2, 4)/Ph2Cl2Sn (5, 6)/Bu2Cl2Sn (7-9) (1 equiv.), Et2O, -78 °C, 30 
min; r.t. 12 h; (iii) PhTeTePh (3) (1 equiv.), Et2O, -78 °C, 30 min; 
r.t. 12 h. 
 
Scheme 2. The preparation of geminally bis(peri-
substituted) chalcogen-tin acenaphthenes 10 and 11a  
  
aLegend: (i) nBuLi (1 equiv.), Et2O, -78 °C, 1 h; (ii) SnCl4 








Te NMR spectroscopy data
a
. 
 1 2 3 4 
SnPh3 SPh SePh TePh SEt 
δ (119Sn) -130.1 -134.8 (JSnSe 68) -146.8 -135.5 
δ (77Se)/δ (125Te)  318  507  
 5 6   
SnPh2Cl SPh SePh   
δ (119Sn) -116.9 -131.3 (JSnSe 163)   
δ (77Se)  268    
 7 8 9  
SnBu2Cl SPh SePh SEt  
δ (119Sn) 3.56 -12.4 (JSnSe 142) -12.3  
δ (77Se)  271    
 10 11   
SPh SnCl2 SnPh2   
δ (119Sn) -192.0 -166.9   
aAll spectra run in CDCl3; δ values are given in ppm and J values 
in Hz. 
11 (X = Ph), respectively [yield: 19 (10), 44% (11); Scheme 2]. 
All eleven compounds were characterized by multinuclear mag-
netic resonance spectroscopy and mass spectrometry, and the 
homogeneity of the new compounds was, where possible, con-
firmed by microanalysis. 119Sn, 77Se and 125Te NMR spectroscop-
ic data can be found in Table 1. 
NMR investigations: The 119Sn{1H} NMR spectra for all elev-
en chalcogen-tin derivatives 1-11 display single peaks, with addi-
tional satellites observed for 2, 6 and 8 attributed to 119Sn-77Se
                 
Figure 3. Molecular configurations of 2, 3 and 6 (from left to right; 50% probability ellipsoids) showing the BCA-A (2, 3) and BAA-A (5) 
type conformation of the substituents bound to Sn and E. Additional π-stacking is observed in each case, with a typical stacked arrange-
ment in 2 and 6 and an edge-to-point arrangement in 3 due to a CH···π interaction (interacting phenyl rings are shown as wireframes and H 
atoms are omitted for clarity). The structures of 1 and 5, adopting similar conformations to 2 and 6, respectively, are omitted here but can 
be found in the ESI. 
                    
Figure 4. Molecular conformations of 4, 7 and 9 (from left to right; 50% probability ellipsoids) showing the orientation of the peri-
substituents (BCA-A (4, 9) and BAA-A (7)) and weak intramolecular CH···π interactions between neighboring alkyl chains and phenyl 
rings in 4 and 7 (interacting phenyl rings and alkyl groups are shown as wireframes and H atoms are omitted for clarity). The structure of 
8, adopting a similar conformation to 7 is omitted here but can be found in the ESI. 
coupling. Within the series of triphenyltin derivatives 1-4, the 
NMR signals are consistently shifted to high field for compounds 
incorporating heavier chalcogen congeners (1 SPh -130.1 ppm; 2 
SePh -134.8 ppm; 3 TePh -146.8 ppm), with the exception of the 
SEt derivative which is shifted upfield to -135.5 ppm and compa-
rable to the SePh analogue. A similar trend is observed for the two 
SnPh2Cl derivatives (5 SPh -116.9 ppm; 6 SePh -131.3 ppm) and 
for the corresponding SnBu2Cl compounds (7 SPh 3.6 ppm; 8 
SePh -12.4 ppm; 9 SEt -12.3 ppm), with both series of triorgan-
otin chlorides shifted notably downfield compared to their recip-
rocal triphenyltin analogues in accord with a reduction in electron 
density at the tin centre. Whilst the NMR signals for compounds 
1-4 are comparable to phenyl analogue Ph4Sn (-137 ppm),
35 a 
large upfield shift can be seen for 5 and 6 in comparison to Ph-
3SnCl (-45 ppm),
35 consistent with the presence of an additional 
E∙∙∙Sn interaction and a higher coordination number at the tin 
center. A corresponding upfield shift is observed for SnBu2Cl 
compounds 7, 8 and 9 in comparison to Bu2PhSnCl (82.6 ppm).
36 
The relatively small J(119Sn,77Se) coupling observed in 2 (68 
Hz) suggests only a weakly attractive through-space interaction is 
operating between the selenium lone-pair and the tin center in this 
system. In line with recently reported phosphorus-tin deriva-
tives,33,34 much larger J(119Sn,77Se) SSCCs are observed for the 
triorganotin chlorides 6 (163 Hz) and 8 (142 Hz), consistent with 
enhanced electropositivity of the tin center following coordination 
to a highly electronegative chlorine atom and subsequent increase 
in the strength of the donor-acceptor through-space Se→Sn lone-
pair interaction. The reciprocal 77Se{1H} NMR spectra for 2, 6 
and 8 appear as anticipated singlets accompanied by satellites for 
119Sn-77Se coupling, with JSeSn values correlating to those ob-
served in the 119Sn{1H} NMR spectra. As expected, the signals 
move to low field on going from triphenyltin derivative 2 (Se 318 
ppm) to triorganotin chlorides 6 (Se 268 ppm) and 8 (Se 271 
ppm). The 119Sn{1H} NMR spectra for geminally bis(peri-
substituted) systems 10 and 11 display single peaks, with the sig-
nal for the chlorine analogue lying upfield (Sn -192.0 ppm) com-
pared to the phenyl derivative (Sn -166.9 ppm). 
X-ray investigations. Suitable single crystals were obtained for 
1-3, 5-8, 10 and 11 from recrystallisation by diffusion of hexane 
into a saturated solution of the compound in THF. Crystals for 9 
were obtained by recrystallisation from a saturated solution of the 
compound in THF at -30 °C and for 4 and 15 from diffusion of 
hexane into a saturated solution of the compound in DCM. All 
compounds crystallize with one molecule in the asymmetric unit 
except for 5 which contains two independent molecules which are  
  
Table 2.   Selected interatomic distances [Å] and angles [°] for Acenap[SnPh3][ER] compounds 1-4. 
Compound 1 2 3 4 
SnR3/ER SnPh3/SPh SnPh3/SePh SnPh3/TePh SnPh3/SEt 
Peri-region-distances    
Sn(1)···E(1) 3.271(2) 3.341(1) 3.490(1) 3.221(2) 
ΣrvdW - Sn···E
[a] 0.699 0.729 0.740 0.749 
% SrvdW
[a] 82 82 83 81 
Sn(1)-C(1) 2.156(5) 2.171(6) 2.166(5) 2.147(4) 
E(1)-C(9) 1.792(5) 1.932(6) 2.106(6) 1.781(7) 
Peri-region bond angles    
Sn(1)-C(1)-C(10) 127.0(4) 128.1(4) 127.9(5) 126.3(3) 
C(1)-C(10)-C(9) 129.0(4) 128.8(5) 129.9(5) 128.7(5) 
E(1)-C(9)-C(10) 121.7(4) 123.2(4) 122.9(4) 121.4(4) 
Σ of bay angles 377.7(7) 380.1(8) 380.7(8) 376.4(7) 
Splay angle[b] 17.7 20.1 20.7 16.4 
C(4)-C(5)-C(6) 111.9(5) 112.0(5) 112.2(5) 112.4(7) 
Out-of-plane displacement    
Sn(1) 0.289 -0.250 0.456 0.499 
E(1) -0.183 0.200 -0.468 -0.255 
Central naphthalene ring torsion angles   
C:(6)-(5)-(10)-(1) 179.0(4) -179.0(5) 175.7(6) 177.4(5) 
C:(4)-(5)-(10)-(9) 176.3(4) -177.4(5) 177.9(6) 175.9(4) 
[a] van der Waals radii used for calculations: rvdW(Sn) 2.17 Å, rvdW(S) 1.80 Å; rvdW(Se) 1.90 Å; rvdW(Te) 2.06 Å;
 [b] Splay angle: Σ of the three bay region an-
gles – 360. 
 
Table 3.   Selected interatomic distances [Å] and angles [°] for Acenap[SnR2Cl][ER] compounds 5-9. 
Compound 5 6 7 8 9 
SnR2Cl/ER SnPh2Cl/SPh SnPh2Cl/SePh SnBu2Cl/SPh SnBu2Cl/SePh SnBu2Cl/SEt 
Peri-region-distances     
Sn(1)···E(1) 2.979(2) [2.989(2)] 3.093(2) 2.982(1) 3.059(1) 2.982(2) 
ΣrvdW - Sn···E
[a] 0.991 [0.981] 0.976 0.988 1.011 0.988 
% SrvdW
[a] 75 [75] 76 75 75 75 
Sn(1)-C(1) 2.136(6) [2.143(5)] 2.158(10) 2.168(3) 2.170(7) 2.164(4) 
E(1)-C(9) 1.765(6) [1.777(5)] 1.926(11) 1.775(4) 1.920(7) 1.785(4) 
Sn(1)-Cl(1) 2.464(1) [2.484(1)] 2.423(4) 2.463(1) 2.494(2) 2.456(2) 
Peri-region bond angles     
Sn(1)-C(1)-C(10) 123.9(4) [122.0(3)] 122.9(8) 122.3(3) 123.0(5) 121.7(4) 
C(1)-C(10)-C(9) 126.9(5) [128.8(5)] 128.7(10) 128.6(3) 130.3(6) 127.9(4) 
E(1)-C(9)-C(10) 120.1(5) [120.5(4)] 121.0(8) 119.9(3) 119.4(5) 120.2(4) 
Σ of bay angles 370.9(8) [371.3(7)] 372.6(15) 370.8(5) 372.7(9) 369.8(7) 
Splay angle[b] 10.9 [11.3] 12.6 10.8 12.7 9.8 
C(4)-C(5)-C(6) 112.9(6) [111.6(5)] 113.8(10) 112.0(3) 112.3(6) 112.0(4) 
Out-of-plane displacement     
Sn(1) -0.279 [-0.154] -0.263 0.234 0.207 -0.229 
E(1) -0.112 [0.013] 0.331 -0.027 -0.015 0.342 
Central naphthalene ring torsion angles     
C:(6)-(5)-(10)-(1) -179.8(5) [-175.6(4)] -176.6(7) 177.8(3) 177.8(6) -176.0(4) 
C:(4)-(5)-(10)-(9) 178.5(5) [-178.1(4)] -178.5(7) -179.8(3) 179.7(6) -177.1(4) 
[a] van der Waals radii used for calculations: rvdW(Sn) 2.17 Å, rvdW(S) 1.80 Å; rvdW(Se) 1.90 Å; rvdW(Te) 2.06 Å;
 [b] Splay angle: Σ of the three bay region an-
gles – 360. 
  
Table 4.   Selected interatomic distances [Å] and angles [°] for [{Acenap(SPh)}2(SnR2)] compounds 10 and 11. 
Compound 10 11 
SnR3/ER SnCl2/SPh SnCl2/SPh SnPh2/SPh SnPh2/SPh 
Peri-region-distances    
Sn(1)···S(1) 2.937(2) 2.970(2) 3.281(1) 3.230(1) 
ΣrvdW - Sn···S
[a] 1.03 1.00 0.789 0.840 
% SrvdW
[a] 74 75 81 79 
Sn(1)-C(1) 2.140(6) 2.132(7) 2.172(3) 2.172(3) 
S(1)-C(9) 1.778(7) 1.777(7) 1.782(4) 1.785(4) 
Sn(1)-Cl(1) 2.4104(18) 2.4194(19)   
Peri-region bond angles    
Sn(1)-C(1)-C(10) 121.2(5) 121.3(5) 126.7(3) 127.4(3) 
C(1)-C(10)-C(9) 129.1(6) 129.7(6) 128.6(3) 129.3(3) 
S(1)-C(9)-C(10) 118.8(5) 119.0(5) 121.8(3) 120.2(3) 
Σ of bay angles 369.1(9) 370.0(9) 377.1(5) 376.9(5) 
Splay angle[b] 9.1 10.0 17.1 16.9 
C(4)-C(5)-C(6) 113.0(6) 112.4(6) 111.5(3) 111.8(3) 
Out-of-plane displacement    
Sn(1) -0.175 -0.219 0.493 -0.320 
S(1) -0.214 -0.015 -0.262 -0.037 
Central naphthalene ring torsion angles   
C:(6)-(5)-(10)-(1) 179.3(5) -179.9(6) 173.4(3) -178.9(3) 
C:(4)-(5)-(10)-(9) -178.4(5) -179.6(6) 178.6(3) 179.0(3) 
[a] van der Waals radii used for calculations: rvdW(Sn) 2.17 Å, rvdW(S) 1.80 Å;
 [b] Splay angle: Σ of the three bay region angles – 360. 
Table 5. Bond angles [°] categorizing the geometry around Sn in 1-9. 
 1 2 3 4   
C(1)-Sn(1)-C(13) 104.45(18) 105.2(2) 110.1(3) 102.80(17)   
C(1)-Sn(1)-C(19) 115.37(17) 111.4(2) 105.2(3) 116.22(17)   
C(1)-Sn(1)-C(25) 111.48(18) 115.1(2) 121.1(3) 114.38(18)   
C(13)-Sn(1)-C(19) 104.93(18) 104.2(2) 100.9(3) 105.24(18)   
C(13)-Sn(1)-C(25) 105.13(18) 104.0(2) 113.6(3) 100.26(18)   
C(19)-Sn(1)-C(25) 114.17(18) 115.4(2) 103.2(3) 115.14(18)   
 5 6  7 8 9 
C(1)-Sn(1)-C(13) 118.5(2) [118.5(2)] 120.7(4) C(1)-Sn(1)-C(13) 123.83(14) 113.7(3) 115.44(17) 
C(1)-Sn(1)-C(19) 115.9(2) [115.11(19)] 113.4(4) C(1)-Sn(1)-C(17) 114.16 (13) 122.6(3) 118.18(19) 
C(1)-Sn(1)-Cl(1) 99.82(15) [98.05(14)] 99.7(3) C(1)-Sn(1)-Cl(1) 96.77(9) 96.89(18) 96.73(15) 
C(1)-Sn(1)-E(1) 75.53(15) [76.70(14)] 77.4(3) C(1)-Sn(1)-E(1) 75.78(9) 77.24(17) 76.05(15) 
C(13)-Sn(1)-C(19) 119.9(2) [119.43(19)]  117.8(4) C(13)-Sn(1)-C(17) 118.30(14) 120.5(3) 122.79(18) 
C(13)-Sn(1)-Cl(1) 95.92(16) [82.02(15)] 97.9(3) C(13)-Sn(1)-Cl(1) 94.34(10) 97.6(3) 93.64(17) 
C(13)-Sn(1)-E(1) 88.09(16) [98.43(15)] 80.8(3) C(13)-Sn(1)-E(1) 90.94(10) 84.6(2) 85.75(18) 
C(19)-Sn(1)-Cl(1) 98.18(15) [100.01(16)] 101.1(4) C(17)-Sn(1)-Cl(1) 98.33(10) 93.5(2) 98.51(17) 
C(19)-Sn(1)-E(1) 82.35(15) [84.73(16)] 83.3(3) C(17)-Sn(1)-E(1) 83.85(10) 90.03(19) 88.85(18) 
 
chemically identical, but differ slightly crystallographically and 
10 which crystallizes with one molecule of THF and one molecule 
of cyclohexane per molecule of product. In addition, the structure 
of 9 contains one disordered CH3 group over symmetry elements 
and is refined with half occupancy. Selected interatomic bond 
lengths and angles are given in Tables 2−6. Further crystallo-
graphic information can be found in the Supporting Information. 
In the solid, the series of triphenyltin derivatives 1-4, diphenyl-
tin chlorides 5 and 6, and the corresponding dibutyltin chlorides 
7-9 all adopt similar molecular configurations, categorised ac-
cording to the classification system devised by Nakanishi et al.7 
and Nagy et al.37 as type BCA-A (1-4, 6 and 9) and BAA-A (5, 7 
and 8) (Figures 3 and 4; S2, S4, S6, ESI). In each case, two Sn-CR 
bonds align roughly perpendicular to the acenaphthene
       
Figure 5. Molecular structures of 2, 3 and 6 (from left to right; 50% probability ellipsoids; phenyl rings are shown as wireframes and H 
atoms are omitted for clarity). The structures of 1 and 5, adopting similar conformations to 2 and 6, respectively, are omitted here but can 
be found in the ESI. 
 
Figure 6. Molecular structures of 4, 7 and 9 (from left to right; 50% probability ellipsoids; phenyl rings and alkyl groups are shown as 
wireframes and H atoms are omitted for clarity). The structure of 8, adopting a similar conformation to 7 is omitted here but can be found 
in the ESI. 
backbone, adopting comparable axial (type A) or twist (type C) 
conformations, and displacing the alkyl moieties to opposite sides 
of the molecule. The coplanar location of the remaining Sn-CPh 
bonds in 1-4 and a similar equatorial alignment of the Sn-Cl 
bonds in 5-9 (type B), gives rise to quasi-linear CPh-Sn∙∙∙E and Cl-
Sn-E three-body fragments, respectively, in which angles ap-
proach 180° (172-179°).  
In compounds 1-8, a reciprocal perpendicular alignment of the 
E-CR bond at the second peri-position across the bay, positions 
the E(alkyl) substituent in close proximity to one of the alkyl sub-
stituents on the tin centre. In triphenyltin analogues 1 (S(phenyl)) 
and 2 (Se(phenyl)), the two axial phenyl rings are twisted to align 
non-planar/non-perpendicular (np) with respect to the acenaph-
thene ring (Figure S6, ESI),7 but their parallel arrangement still 
allows for a significant overlap of the π-systems, with centroid-
centroid distances (1 Cg(19-24)∙∙∙Cg(31-36) 3.77 Å; 2 Cg(25-
30)∙∙∙Cg(31-36) 3.80 Å) in both cases in the correct range for π-π 
stacking (3.3-3.8 Å;38 Figures 3 and S2). A similar arrangement is 
observed in diphenyltin chlorides 5 and 6, which exhibit centroid-
centroid distances of 3.73 Å (5 Cg(13-18)∙∙∙Cg(25-30)) and 3.82 
Å (6 Cg(13-18)∙∙∙Cg(25-30); Figures 3 and S2). In contrast, the 
corresponding phenyl rings in the heavier Te(phenyl) analogue 3 
no longer align parallel, but instead interact with a distorted edge-
to-face arrangement (T-shaped) resulting from the presence of a 
C-H∙∙∙π interaction (H36∙∙∙Cg(25-30) 2.89 Å; Figure 3).39 Compa-
rable weak intramolecular interactions are also present in S(ethyl) 
analogue 4, and dibutyltin chlorides 7 and 8, with C-H∙∙∙π interac-
tions linking an alkyl chain to an adjacent phenyl ring in each case 
(4 H31A∙∙∙Cg(19-24) 3.38 Å, H32A∙∙∙Cg(19-24) 3.15 Å; 7 
H13A∙∙∙Cg(21-26) 3.35 Å, H14A∙∙∙Cg(21-26) 3.22 Å, 
H16B∙∙∙Cg(21-26) 3.24 Å; 8 H17A∙∙∙Cg(21-26) 3.55 Å, 
H18A∙∙∙Cg(21-26) 3.34 Å, H20B∙∙∙Cg(21-26) 3.13 Å; Figures 4 
and S4). No equivalent interactions are observed in compound 9, 
despite the ethyl and butyl substituents lying in close proximity as 
a result of an axial-axial pairing (Figure 4). 
Nevertheless, the predominant factor dictating the final solid-
state structure of all nine compounds is the nature of the nonbond-
ed interactions that arise in the quasi-linear CPh-Sn∙∙∙E and Cl-Sn-
E three-body fragments, due to the direct overlap of the closely 
located and linearly aligned orbitals. In these systems, steric re-
pulsion between the bulky chalcogen and tin moieties is counter-
balanced by the presence of a weakly attractive donor-acceptor 
3c-4e type interaction, resulting from the delocalisation of a chal-
cogen lone-pair to an antibonding σ*(Sn-CPh) orbital. The strength 
of the Sn∙∙∙E interaction is subsequently influenced by the degree 
of orbital overlap in these systems and thus the size of the inter-
acting atoms, although the sterics and electronics of the substitu-
ents bound to the peri-atoms also play an important role in con-
trolling their fine structures.   
In line with related bis(chalcogen) systems,26-28 substitution of 
increasingly large functional groups at the close contact peri-
positions in triphenyltin derivatives 1-4 increases the steric pres-
sure within the bay-region and leads to greater deformation of the 
natural acenaphthene geometry (Figures 5 and 6). Non-bonded 
 peri-distances [1 3.271(2) Å; 2 3.413(12) Å; 3 3.490(1) Å] and 
corresponding splay angles [1 17.1°; 2 20.1°; 3 20.7°] increase 
steadily as heavier congeners of Group 16 are located at the prox-
imal 5,6-positions, whilst replacement of the S(phenyl) moiety in 
1 with a less bulky S(ethyl) group in 4 results in an expected de-
crease in molecular strain [4 3.221(2) Å,  16.4°]. Despite this, 
nonbonded Sn∙∙∙E peri-distances in all four derivatives are ~18% 
shorter than the sum of the respective van der Waals radii and a 
significant degree of covalency is predicted between Sn and E in 
each case. For comparison, the corresponding CPh-Sn∙∙∙P three-
body fragment found in the related phosphorus-tin analogue 
[Acenap(SnPh3)(P
iPr2)], in which the Sn∙∙∙P distance is similarly 
18% shorter than the sum of van der Waals radii, was found to 
contain significant 3c-4e character, with a Wiberg bond index 
(WBI) of 0.12 having been computed for the Sn∙∙∙P interaction.33 
Similar to related phosphorus-tin compounds,33,34 replacement 
of an equatorial phenyl group with a highly electronegative chlo-
rine atom in diphenyltin chlorides 5 and 6 is accompanied by a 
dramatic reduction in the length of the two Sn∙∙∙E peri-distances 
[5 2.979(2) Å [2.989(2) Å]; 6 3.094(2) Å; cf. 1 3.271(2) Å; 2 
3.413(12) Å]. Dibutyltin chlorides 7-9 display equally short in-
tramolecular Sn∙∙∙E distances [7 2.982(1) Å; 8 3.059(1) Å; 9 
2.982(2) Å], and for all five tin chlorides these separations are 
~25% shorter than the sum of van der Waals radii and approach 
the distance for single electron pair (2c-2e) Sn-S (2.51 Å) and Sn-
Se (2.59 Å) covalent bonds.12 As such, much stronger multicentre 
bonding is predicted to occur in 5-9 as a consequence of the in-
creased Lewis-acidity at the tin centre, explaining the notable 
increase in J(119Sn,77Se) through-space coupling observed in chlo-
rides 6 (163 Hz) and 8 (142 Hz) compared to 2 (68 Hz). This is 
consistent with the findings from previous studies of phosphorus-
tin compounds,33,34 where substantial WBIs of up to 0.36 were 
calculated for a series of analogous triorganotin chlorides in 
which the Sn-P peri-distances were also notably compressed 
(72% ∑rvdW).
33 The presence of a hypervalent 3c-4e type interac-
tion operating in 5-9 is further supported by the natural reduction 
in the Sn-Cl bond order observed following donation of the chal-
cogen lone-pair into the σ*(Sn-Cl) orbital, with the equatorial Sn-
Cl bond in each case becoming weaker and longer than in the 
corresponding triorganotin chloride starting material [5 
2.4639(14) Å [2.4836(13) Å]; 6 2.423(4) Å; 7 2.4635(11) Å; 8 
2.494(2) Å; 9 2.4557(18) Å; cf. Ph3SnCl 2.12 Å; Ph2SnCl2 
2.373(9) Å; Bu2SnCl2 2.413 Å].
40 
As expected, the stronger 3c-4e Cl-Sn-E bonding present in 5-9 
has a greater impact on counteracting the steric repulsion that 
invariably builds up between the closely aligned Sn and E lone-
pair orbitals and is thus accompanied by a substantial reduction in 
molecular distortion. This is most apparent within the acenaph-
thene plane where the divergence of the exocyclic Sn- CAcenap and 
E-CAcenap bonds is notably less pronounced [splay angles 5 
10.9°[11.3°]; 6 12.6°; 7 10.8°; 8 12.7°; 9 9.8°] than in the tri-
phenyltin derivatives 1-4 [splay angles 16-21°] (Figures 5 and 6). 
In the series of triphenyltin derivatives 1-4, the bulk of the ar-
omatic rings coupled with the presence of the additional intramo-
lecular Sn···E interaction forces the central tin atom to adopt a 
distorted tetrahedral geometry. C–Sn–C angles lie in the range 
99.64(14)°-120.86(15)° and for each tin centre the three pseudo-
equatorial C-Sn-C bond angles sum to 341-346° (Table 5), inter-
mediate between an ideal tetrahedron (328.5°) and a perfect trigo-
nal bipyramid (360°). The increased strength of the Sn-E interac-
tion in 5-9 causes even greater distortion to the naturally tetrahe-
dral tin environment, with the sum of the pseudo-equatorial C-Sn-
C angles increasing to between 353-357°, more in line with a 
trigonal bipyramidal geometry (Table 5). This is supported by 
looking at the geometrical goodness [∆∑(θ) = ∆∑(θeq) - ∆∑(θax); 
0° (tetrahedron) ≤  ∆∑(θ) ≤ 90° (trigonal bipyramid)]34 for each 
compound, which steadily increases from ∆∑(θ) = 26.5° (1), 
28.5° (2), 35.5° (3), 37.4° (4) in the triphenyltin derivatives to 
∆∑(θ) = 60.4°[72.7°] (5), 53.2° (6), 66.9°(7), 68.8° (8), 67.5° (9) 
in the triorganotin chlorides.  
The molecular structure of bis(peri-substituted) sulfur-tin 
acenaphthene [{Acenap(SPh)}2SnCl2] 10 is constructed from two 
crystallographically unique acenaphthene fragments which couple 
through a central pseudo-hexacoordinated tin atom in a geminal 
fashion (Figure 7). The molecule crystallizes in a conformation 
which fixes the sulfur atoms and the tin centre in close proximity, 
forming a relatively compact triangular S2Sn cluster [S1-Sn1-S21 
85.33(5)°, Sn1-S1-S21 47.68(4)°, Sn1-S21-S1 46.99(4)°]. The 
two equally compressed Sn∙∙∙S peri-distances [Sn1-S1 2.9368(19) 
Å, Sn1-S21 2.9698(19) Å] are significantly shorter than the sum 
of van der Waals radii (~74% ∑rvdW), and result from strong 
lp(S)−σ*(Sn−Cl) donor-acceptor interactions operating between 
the closely located sulfur lone-pairs and the electropositive Sn 
atom. Coordination of two highly electronegative chlorine atoms 
naturally increases the Lewis acidity of the tin centre compared to 
monosystems 5, 7 and 9, leading to marginally shorter distances 
and stronger multicentre bonding. The perpendicular and coplanar 
alignment of the two acenaphthene scaffolds (Figure 8), which lie 
with an angle of 88° between the two mean planes, also results in 
a relatively short intramolecular S∙∙∙S distance of 4.003(2) Å and 
an S1-Sn-S21 angle of 85.33(5)°.     
In each acenaphthene fragment, the S(phenyl) moiety and one 
of the chlorine atoms adopt axial positions, with the S-CPh and Sn-
Cl bonds aligning perpendicular to the mean plane of the organic 
backbone (type A). In the first fragment the two groups are dis-
placed to opposite sides of the acenaphthene plane (type AAt),7,37 
whilst in the second they are cis disposed (type AAc).7,37 Each Sn-
Cl bond subsequently aligns coplanar with the neighboring 
acenaphthene backbone (type B),7,37 giving rise to a quasi-linear 
Cl-Sn∙∙∙S three-body fragment, in which angles approach 180° 
[S1-Sn1-Cl2 175.63(6)°, S21-Sn1-Cl1 170.97(6)°](Figure 8).     
The bonding around the tin centre in dichloride 10 (Table 6) is 
somewhat more complex and intriguing than that observed in 1-9, 
with the geometry at the metal centre best described as either 2-
coordinate (linear), 4-coordinate (see-saw) or 6-coordinate (octa-
hedral) depending upon the interpretation of the bonding situation. 
In the former, the weakly attractive S-Sn lone-pair interaction is 
classed as non-bonding, whilst the nature of the Sn-Cl bond is 
ascribed as ionic due to the substantial disparity between the elec-
tronegativities of the Sn and Cl atoms. This leaves the tin centre 
coordinated to two carbon atoms, one from each of the coupling 
acenaphthene backbones, with a C-Sn-C bond angle of 151.4(3)°. 
Alternatively, the two Sn-Cl bonds can be thought to retain 
enough covalent character as to describe the geometry as distorted 
disphenoidal (see-saw), similar to the related tin-bromine dichlo-
ride derivative {AcenapBr}2SnCl2,
32 and with the four C-Sn-Cl 
bond angles summing to 397°. The two additional intramolecular 
S→Sn lone-pair interactions, which complete a quasi-octahedral 
geometry around the tin centre, thus play an important role in 
determining the overall conformation of the metal. S1 and S21 
occupy two equatorial positions with standard deviation from the 
mean Sn1-Cl1-Cl2-S1-S21 plane only 0.0271 Å. Similar to tin 
chlorides 5-9, the effect of the two S→Sn lone-pair interactions is 
to naturally lower the covalency of the two Sn–Cl bonds, which 
are longer and weaker (2.4104(18) Å, 2.4194(19) Å) than equiva-
lent bonds in related Ar2SnCl2 compounds {AcenapBr}2SnCl2 




Figure 7. Molecular structures of 10 and 11 (50% probability ellipsoids; phenyl rings are shown as wireframes and H atoms are omitted 
for clarity). The co-crystallized THF and cyclohexane molecules in 10 are also omitted. 
                
Figure 8. Molecular configurations of 10 and 11 (50% probability ellipsoids) showing the conformation of the peri-substituents (phenyl 
rings and one acenaphthene group are shown as wireframes and H atoms are omitted for clarity).  
 
Table 6.  Bond angles [°] categorizing the geometry around 
Sn in 10 and 11. 
 10  11 
Cl(1)-Sn(1)-Cl(2) 98.32(7) C(25)-Sn(1)-C(31) 99.82(11) 
Cl(1)-Sn(1)-S(1) 85.72(6) C(25)-Sn(1)-S(1) 77.96(8) 
Cl(1)-Sn(1)-C(1) 98.49(17) C(25)-Sn(1)-C(1) 107.76(12) 
Cl(1)-Sn(1)-C(21) 100.88(19) C(25)-Sn(1)-C(13) 108.79(12) 
Cl(1)-Sn(1)-S(21) 170.97(6) C(25)-Sn(1)-S(2) 176.40(8) 
Cl(2)-Sn(1)-S(1) 175.63(6) C(31)-Sn(1)-S(1) 175.16(10) 
Cl(2)-Sn(1)-C(1) 100.53(19) C(31)-Sn(1)-C(1) 105.95(12) 
Cl(2)-Sn(1)-C(21) 97.25(19) C(31)-Sn(1)-C(13) 109.55(12) 
Cl(2)-Sn(1)-S(21) 90.66(6) C(31)-Sn(1)-S(2) 76.85(10) 
S(1)-Sn(1)-C(1) 77.13(19) S(1)-Sn(1)-C(1) 70.95(10) 
S(1)-Sn(1)-C(21) 83.55(19) S(1)-Sn(1)-C(13) 75.27(9) 
S(1)-Sn(1)-S(21) 85.33(5) S(1)-Sn(1)-S(2) 105.46(2) 
C(1)-Sn(1)-C(21) 151.4(3) C(1)-Sn(1)-C(13) 122.59(11) 
C(1)-Sn(1)-S(21) 80.69(19) C(1)-Sn(1)-S(2) 74.68(10) 
C(21)-Sn(1)-S(21) 76.90(18) C(13)-Sn(1)-S(2) 71.43(10) 
Diphenyltin analogue [{Acenap(SPh)}2SnPh2] 11 adopts a 
comparable molecular structure to that of dichloride 10, with two 
crystallographically distinct acenaphthene backbones coupling 
through a central tin atom to form a geminally bis(peri-
substituted) system (Figure 7). Nevertheless, notable changes are 
observed between the two structures upon replacing the two high-
ly electronegative chlorine atoms in 10 with two bulky phenyl 
groups in 11. 
Within the triangular S2Sn cluster [S1-Sn1-S2 105.46(2)°, Sn1-
S1-S2 36.930(17)°, Sn1-S2-S1 37.608(16)°], the S∙∙∙Sn distances 
[Sn1-S1 3.2807(14) Å; Sn1-S2 3.2300(13) Å] are notably longer, 
indicative of much weaker lp(S)−σ*(Sn−Cl) donor-acceptor inter-
actions and a natural reduction in the Lewis acidity of the tin cen-
tre. Nonetheless, these separations are still 17-19% shorter than 
the sum of van der Waals radii for S/Sn (3.97 Å) and a significant 
3c-4e interaction is still predicted to be present, similar in strength 
to the interactions in triphenyltin analogues 1 and 4. A non-
perpendicular and non-coplanar alignment of the two acenaph-
thene backbones in 11 (Figure 8), further increases the size of the 
triangular cluster, with the S1-Sn-S2 angle increasing to 
105.46(2)° [cf. 10 85.33(5)°] resulting in a nonbonded S∙∙∙S dis-
tance of 5.1815(18) Å [cf. 10 4.003(2) Å]. Despite these differ-
 ences, the arrangement of the peri-substituents in the two 
acenaphthene fragments is comparable to dichloride 10, with a 
mutual axial-axial pairing of S(phenyl) and Sn(phenyl) moieties, 
resulting in two quasi-linear CPh-Sn∙∙∙S three-body fragment from 
the equatorial alignment of each Sn-CPh bond with the neighbor-
ing acenaphthene backbone [S1-Sn1-C31 175.16(10)°, S2-Sn1-
C25 176.40(8)°]. With much weaker S∙∙∙Sn interactions operating 
in 11, the geometry around the tin centre moves closer towards a 
natural tetrahedron, with angles in the range 99.82(11)-
122.59(11)° and summing to 109°. The more acute C1-Sn1-C13 
angle of 122.59(11)° in 11 compared to 151.4(3)° for the recipro-
cal C1-Sn1-C21 angle in 10 illustrates the degree to which the 




Sterically encumbered peri-substituted acenaphthenes 
[Acenap(SnPh3)(ER), Acenap = acenaphthene-5,6-diyl, ER = SPh 
(1), SePh (2), TePh (3), SEt (4); Acenap(SnPh2Cl)(EPh), E = S 
(5), Se (6); Acenap(SnBu2Cl)(ER), ER = SPh(7), SePh (8), SEt 
(9); {Acenap(SPh2)}2SnX2, X = Cl (10), Ph (11)] have been pre-
pared from standard halogen-lithium exchange reactions of 
[Acenap(Br)(SPh)] 12,27 [Acenap(Br)(SePh)] 13,27 
[Acenap(Br)(SnPh3)]
32 and [Acenap(Br)(SEt)] 15. X-ray struc-
tures were determined for 1-11 (and 15) and have been used in 
conjunction with 77Se{1H} and 119Sn{1H} NMR spectroscopy to 
investigate how the sterics and electronics of substituents bound 
to tin affect the strength of the intramolecular lp(P)−σ*(Sn−Y) 
donor−acceptor 3c-4e type interactions operating in these sys-
tems.  
The series of triphenyltin derivatives 1-4, diphenyltin chlorides 
5 and 6, and the corresponding dibutyltin chlorides 7-9 adopt 
similar conformations, categorized as type BCA-A (1-4, 6 and 9) 
and BAA-A (5, 7 and 8).7,37 In both arrangements two Sn-CR 
bonds align roughly perpendicular to the mean acenaphthene 
plane but on opposing sides of the molecule (axial type A or twist 
type C configurations),7,37 with the remaining Sn-CPh (1-4) and 
Sn-Cl (5-9) bonds occupying positions along the acenaphthene 
backbone (type B)7,37 giving rise to quasi-linear CPh-Sn∙∙∙E and 
Cl-Sn-E three-body fragments, respectively.  
The geometric constraints imposed by the acenaphthene back-
bone and the linear alignment of the orbitals in these systems 
provides the correct geometrical environment to promote delocal-
ization of the chalcogen lone-pair to an antibonding σ*(Sn−Y) 
orbital to form a donor−acceptor three-centre−four-electron (3c-
4e) type interaction.  
Within the series of triphenyltin derivatives, molecular distor-
tion steadily increases as larger chalcogen congeners occupy the 
peri-space, with peri-distances increasing from 3.2710(19) Å in 1 
(S) to 3.4903(7) Å in 3 (Te). Nevertheless these distances are 
~18% shorter than the sum of the respective van der Waals radii 
and a significant extent of covalent bonding is predicted between 
Sn and E, similar to the interaction in related phosphorus-tin ana-
logue [Acenap(SnPh3)(P
iPr2)],
33 which exhibits a similarly short 
Sn∙∙∙P distance (~82% ∑rvdW) for which a Wiberg Bond Index 
(WBI) of 0.12 has been computed. As expected, even shorter 
distances are observed in triorganotin chlorides 5-9 in line with 
the increased Lewis acidity of the tin centre and much stronger 
lp(E)−σ*(Sn−Y) donor−acceptor multicentre bonding as a conse-
quence of coordination to a highly electronegative chlorine atom.  
This is supported by a noticeable increase in the through-space 
J(119Sn,77Se) SSCCs observed for 6 (163 Hz) and 8 (142 Hz) 
compared to triphenyltin analogue 2 (68 Hz). Similar observations 
are observed in the two geminally bis(peri-substituted) systems 10 
and 11, constructed from two distinct acenaphthene fragments 
which couple through a central tin atom. The coordination of two 
highly electronegative chlorine atoms in 10 naturally increases the 
Lewis acidity of the tin centre compared to monosystems 5, 7 and 
9, leading to marginally shorter distances and stronger 
lp(S)−σ*(Sn−Cl) donor-acceptor interactions. 
 
EXPERIMENTAL SECTION 
All experiments were carried out under an oxygen- and mois-
ture-free nitrogen atmosphere using standard Schlenk techniques 
and glassware. Reagents were obtained from commercial sources 
and used as received. Dry solvents were collected from a MBraun 
solvent system. Elemental analyses were performed at the London 
Metropolitan University. 1H and 13C NMR spectra were recorded 
on a Bruker AVANCE 300 MHz spectrometer with δ(H) and δ(C) 
referenced to external tetramethylsilane. 77Se and 119Sn NMR 
spectra were recorded on a Jeol GSX 270 MHz spectrometer with 
δ(Se) and δ(Sn) referenced to external dimethylselenide and tet-
ramethylstannane, respectively. Assignments of 13C and 1H NMR 
spectra were made with the help of H-H COSY and HSQC exper-
iments. All measurements were performed at 25 °C. All values 
reported for NMR spectroscopy are in parts per million (ppm). 
Coupling constants (J) are given in Hertz (Hz). Mass spectrome-
try was performed by the University of St Andrews Mass Spec-
trometry Service. Electrospray Mass Spectrometry (ESMS) was 
carried out on a Micromass LCT orthogonal accelerator time of 
flight mass spectrometer. [Acenap(Br)(SPh)] 12,27 
[Acenap(Br)(SePh)] 1327 and [Acenap(Br)(SnPh3)]
32 were pre-
pared following standard literature procedures. 
6-(phenylsulfanyl)acenaphth-5-yl-triphenyltin 
[Acenap(SnPh3)(SPh)] (1): To a solution of 5-bromo-6-
(phenylsulfanyl)acenaphthene  (0.5 g, 1.5 mmol) in dry diethyl 
ether (30 mL) at −78 °C was added dropwise a 2.5 M solution of 
n-butyllithium in hexane (0.6 mL, 1.5 mmol). The reaction mix-
ture was stirred for 1 h after which a solution of Ph3SnCl (0.58 g, 
1.5 mmol) in diethyl ether (15 mL) was added dropwise to the 
reaction solution at -78 °C. After stirring at this temperature for 
30 min, the reaction mixture was allowed to warm to room tem-
perature and then stirred overnight. The solvent was evaporated in 
vacuo and toluene was added. The mixture was filtered and the 
toluene was removed in vacuo. Colorless crystals were obtained 
from recrystallisation by diffusion of hexane into a saturated solu-
tion of the compound in THF (0.31g, 39%); m.p. 170-172 °C; 
elemental analysis (Found: C, 70.7; H, 4.5. Calc. for C36H28SnS: 
C, 70.7; H, 4.6; S, 5.2%); 1H NMR (270 MHz, CDCl3, 25 °C, 
Me4Si): δ = 7.80 (1 H, d, 
3J(1H,1H) = 6.7 Hz, 3J(1H,119Sn) = 66/63 
Hz, Acenap 4-H), 7.75 (1 H, d, 3J(1H,1H) = 7.2 Hz, Acenap 7-H), 
7.60-7.40 (6 H, m, SnPh-o), 7.37 (1 H, d, 3J(1H,1H) = 7.2 Hz, 
Acenap 8-H), 7.34 (1 H, d, 3J(1H,1H) = 6.7 Hz, Acenap 3-H), 
7.29-7.18 (9 H, m, SnPh-m,p), 6.92-6.78 (3 H, m, SPh-m,p), 6.38-
6.33 (2 H, m, SPh-o), 3.57-3.45 (4 H,  m, Acenap 2xCH2); 
13C 
NMR (67.9 MHz, CDCl3, 25 °C,  Me4Si): δ = 150.0(q), 149.1(q), 
142.6(q), 142.5(s, 2J(13C,119/117Sn) = 46 Hz), 141.1(q), 139.9(q), 
138.8(s), 137.4(s, 2J(13C,119/117Sn) = 36 Hz), 130.8(q), 128.7(s), 
128.6(s, 2J(13C,119/117Sn) = 52 Hz), 128.5(s), 127.0(s), 126.8(q), 
125.0(s), 121.0(s), 120.9(s), 30.6(s, Acenap CH2), 30.5(s, Acenap 
CH2); 
119Sn NMR (100.76 MHz, CDCl3, 25 °C, Me4Sn): δ = -
130.1 (s); MS (ES+): m/z 634.89 (100%, M+Na).  
6-(phenylselanyl)acenaphth-5-yl-triphenyltin 
[Acenap(SnPh3)(SePh)] (2): Synthesis as for compound 1, but 
with [Acenap(Br)(SePh)] (0.5 g, 1.3 mmol), 2.5 M n-butyllithium 
(0.5 mL, 1.3 mmol) and Ph3SnCl (0.50 g, 1.3 mmol). Colorless 
crystals were obtained from recrystallisation by diffusion of hex-
ane into a saturated solution of the compound in THF (0.42 g, 
44%); m.p. 188-190 °C; elemental analysis (Found: C, 65.8; H, 
4.2. Calc. for C36H28SnSe: C, 65.7; 4.3 H, %); 
1H NMR (300 
 MHz, CDCl3, 25 °C, Me4Si): δ = 7.88 (1 H, d, 
3J(1H,1H) = 5.5 Hz, 
Acenap 4-H), 7.76 (1 H, d, 3J(1H,1H) = 6.8 Hz, Acenap-7-H), 
7.48-7.27 (6 H, m, SnPh-o), 7.27-7.05 (11 H, m, Acenap 3,8-H, 
SnPh-m,p) 6.87-6.78 (1 H, m, SePh-p), 6.76-6.68 (2 H, m, SePh-
m), 6.36-6.28 (2 H, m, SePh-o),  3.45-3.32 (2 H, m, Acenap 
2xCH2);
 13C NMR (75.5 MHz, CDCl3, 25 °C, Me4Si): δ = 
150.2(q), 149.2(q), 143.3(q), 142.8(s, 2J(13C,119/117Sn) = 45 Hz), 
141.2(q), 140.9(s), 140.3(q), 137.3(s, 2J(13C,119/117Sn) = 36 Hz), 
136.0(q), 133.2(q), 129.0(s), 128.8(s), 128.6(s), 128.5(s), 125.6(s), 
124.9(q), 121.1(s), 120.9(s), 30.7(s, Acenap CH2), 30.5(s, Acenap 
CH2); 
119Sn NMR (100.76 MHz, CDCl3, Me4Sn): δ -134.8(s, 
4J(119/117Sn, 77Se) = 68 Hz); 77Se NMR (51.4 MHz, CDCl3, 25 °C, 
Me2Se): δ = 318 (s, 
4J(77Se,119/117Sn) = 64 Hz); MS (ES
+): m/z 
681.03 (100%, M+Na). 
6-(phenyltelluro)acenaphth-5-yl-triphenyltin 
[Acenap(SnPh3)(TePh)] (3): Synthesis as for compound 1, but 
with [Acenap(Br)(SnPh3)] (0.5 g, 1.3 mmol), 2.5 M n-
butyllithium (0.5 mL, 1.3 mmol) and PhTeTePh (0.53 g, 1.3 
mmol). Red crystals were obtained from recrystallisation by diffu-
sion of hexane into a saturated solution of the compound in THF 
(0.48 g, 79%); m.p. 223-225 °C; elemental analysis (Found: C, 
61.0; H, 4.0. Calc. for C26H31SnSeCl: C, 61.2; H, 4.0%); 
1H NMR 
(300 MHz, CDCl3, 25 °C, Me4Si): δ = 8.21 (1 H, d, 
3J(1H,1H) = 
7.1 Hz, Acenap 7-H, 7.70 (1 H, d, 3J(1H,1H) = 6.9 Hz, 
3J(1H,119/117Sn)   = 66/63 Hz, Acenap 4-H, 7.59-7.24 (9 H, m, 
SnPh-o,p), 7.24-7.08 (6 H, m, SnPh-m), 6.96-6.88 (1 H, m, TePh-
p), 6.82-6.74 (2 H, m, TePh-m), 6.64-6.58 (2 H, m, TePh-o), 3.43-
3.30 (4 H, m, Acenap 2xCH2); 
13C NMR (75.5 MHz, CDCl3, 25 
°C, Me4Si): δ = 147.1(s), 143.4(s), 137.4(s), 137.4(s), 134.1(s), 
129.2(s), 129.2(s), 129.1(s), 128.7(s), 128.6(s), 121.7(s), 30.8(s, 
Acenap CH2), 30.4(s, Acenap CH2);
 119Sn NMR (100.76 MHz, 
CDCl3, 25 °C, Me4Sn): δ = -146.8; 
125Te NMR (85.2 MHz, 
CDCl3, 25 °C, Me2Te): δ = 507; MS (ES
+): m/z 736.83 (100%, 
M+OMe), 714.81 (100%, M+Li). 
6-ethylsulfanylacenaphth-5-yl-triphenyltin 
[Acenap(SnPh3)(SEt)] (4): Synthesis as for compound 1, but 
with [Acenap(Br)(SEt)] (0.5 g, 1.7 mmol), 2.5 M n-butyllithium 
(0.7 mL, 1.7 mmol) and Ph3SnCl (0.66 g, 1.7 mmol). Colorless 
crystals were obtained from recrystallisation by diffusion of hex-
ane into a saturated solution of the compound in DCM (0.39 g, 
41%) m.p. 120-122 °C; elemental analysis (Found: C, 68.2; H, 
5.1. Calc. for C22H31ClSSn: C, 68.2; H, 5.0%); 
1H NMR (300 
MHz, CDCl3, 25 °C, Me4Si): δ = 8.06 (1 H, d, 
3J(1H,1H) = 6.9 Hz, 
Acenap 4-H), 7.93 (1 H, d, 3J(1H,1H) = 7.2 Hz, Acenap 7-H), 
7.90-7.65 (6 H, m, SnPh-o), 7.60-7.30 (11 H, m, Acenap 3,8-H, 
SnPh-m,p), 3.61-3.42 (4 H, m, Acenap 2xCH2), 2.21 (2 H, q, 
3J(1H,1H) = 7.4 Hz, SCH2CH3), 0.83 (3 H, t, 
3J(1H,1H) = 7.4 Hz, 
SCH2CH3);
13C NMR (75.5 MHz, CDCl3, 25 °C, Me4Si): δ = 
148.8(q), 148.5(q), 143.5(q), 141.8(s), 140.9(q), 139.4(q), 
139.1(q), 137.4(s, 1J(13C,119/117Sn) = 35 Hz), 136.7(s), 132.0(q), 
131.2(q), 128.8(s), 128.5(s), 120.5(s), 119.9(s), 33.3(s, 
SCH2CH3), 30.9(s, Acenap CH2), 30.6(s, Acenap CH2), 14.5(s, 
SCH2CH3); 
119Sn NMR (100.76 MHz, CDCl3, 25 °C, Me4Sn): δ = 
-135.5(s); MS (ES+): m/z 586.73 (100%, M+Na). 
6-(phenylsulfanyl)acenaphth-5-yl-diphenyltin chloride 
[Acenap(SnPh2Cl)[SPh)] (5): Synthesis as for compound 1, but 
with [Acenap(Br)(SPh)] (0.5 g, 1.5 mmol), 2.5 M n-butyllithium 
(0.6 mL, 1.5 mmol) and Ph2SnCl2 (0.52 g, 1.5 mmol). Colorless 
crystals were obtained from recrystallisation by diffusion of hex-
ane into a saturated solution of the compound in THF (0.33 g, 
40%); m.p. 75-77 °C; elemental analysis (Found: C, 63.0; H, 4.0. 
Calc. for C30H23SnSCl: C, 63.2; H, 4.1%); 
1H NMR (300 MHz, 
CDCl3, 25 °C, Me4Si): δ = 8.84 (1 H, d, 
3J(1H,1H)  = 7.0 Hz, 
3J(1H,119/117Sn) = 77/74 Hz, Acenap 4-H), 7.91 (1 H, d, 3J(1H,1H) 
= 8.3 Hz, Acenap 7-H), 7.66 (1 H, d, 3J(1H,1H) = 7.0 Hz, Acenap 
3-H), 7.61-7.53 (6 H, m, SnPh-o), 7.52-7.47 (1 H, m, Acenap 8-
H), 7.29-7.09 (9 H, m, SnPh-m,p), 6.97-6.91 (1 H, m, SPh-p), 
6.88-6.80 (2 H, m, SPh-m), 6.49-6.43 (2 H, m, SPh-o), 3.61-3.49 
(4 H, m, Acenap 2xCH2); 
13C NMR (75.5 MHz, CDCl3, 25 °C, 
Me4Si): δ = 150.7(q), 149.7(q), 141.3(s, 
2J(13C,119/117Sn) = 39 Hz), 
141.2(q), 140.7(q), 139.1(q), 136.3(q), 135.8(s, 2J(13C,119/117Sn) = 
47 Hz), 132.8(q), 129.1(s), 128.7(s), 128.5(s), 127.6(s), 127.2(s), 
126.1(s), 123.5(q), 121.5(s), 121.1(s), 30.2(s, Acenap CH2), 
30.4(s, Acenap CH2);
119Sn NMR (100.76 MHz, CDCl3, 25 °C, 
Me4Sn): δ =  -116.9; MS (ES
+): m/z 535.06 (100%, M-Cl). 
6-(phenylselanyl)acenaphth-5-yl-diphenyltin chloride 
[Acenap(SnPh2Cl)[SePh)] (6): Synthesis as for compound 1, but 
with [Acenap(Br)(SePh)] (0.5 g, 1.3 mmol), 2.5 M n-butyllithium 
(0.5 mL, 1.3 mmol) and Ph2SnCl2 (0.45 g, 1.3 mmol). Colorless 
crystals were obtained from recrystallisation by diffusion of hex-
ane into a saturated solution of the compound in THF (0.31 g, 
39%); m.p. 152-154 °C; elemental analysis (Found: C, 58.4; H, 
3.9. Calc. for C26H31SnSeCl: C, 58.4; H, 3.8%);
1H NMR (300 
MHz, CDCl3, 25 °C, Me4Si): δ = 8.75 (1 H, d, 
3J(1H,1H)  = 7.1 
Hz, 3J(1H,119/117Sn) = 78/75 Hz, Acenap 4-H), 7.72 (1 H, d, 
3J(1H,1H)  = 7.1 Hz, Acenap 7-H), 7.51 (1 H, d, 3J(1H,1H) = 7.1 
Hz, Acenap 3-H), 7.49-7.42 (6 H, m, SnPh-o), 7.29-6.99 (10 H, 
m, Acenap 8-H, SnPh-m,p), 6.89-6.78 (1 H, m, SePh-p), 6.74-
6.63 (2 H, m, SePh-m), 6.35-6.24 (2 H, m, SePh-o), 3.48-3.34 (4 
H, m, Acenap 2xCH2); 
13C NMR (75.5 MHz, CDCl3, 25 °C, 
Me4Si): δ = 151.3(q), 150.1(q), 146.9(q), 142.8(q), 142.2(s), 
141.3(q), 137.3(s), 136.1(s), 133.2(q), 132.0(q), 130.9(s), 
129.6(s), 129.0(s), 128.8(s), 126.8(s), 122.5(q), 121.9(s), 120.4(s), 
30.8(s, Acenap CH2), 30.6(s, Acenap CH2);
119Sn NMR (100.76 
MHz, CDCl3, 25 °C, Me4Sn): δ =  -131.3(s, 
4J(119/117Sn,77Se)   = 
163 Hz); 77Se NMR (51.4 MHz, CDCl3, 25 °C, Me2Se): δ = 266 
(s, 4J(77Se,119/117Sn)  = 160 Hz); MS (ES
+): m/z 580.81 (100%, M-
Cl). 
6-(phenylsulfanyl)acenaphth-5-yl-dibutyltin chloride 
[Acenap(SnBu2Cl)(SPh)]  (7): Synthesis as for compound 1, but 
with [Acenap(Br)(SPh)] (0.5 g, 1.5 mmol), 2.5 M n-butyllithium 
(0.6 mL, 1.5 mmol) and Bu2SnCl2 (0.46 g, 1.5 mmol). Colorless 
crystals were obtained from recrystallisation by diffusion of hex-
ane into a saturated solution of the compound in THF (0.18 g, 
23%); m.p. 82-84 °C; elemental analysis (Found: C, 58.8; H, 5.8. 
Calc. for C26H31SnSCl: C, 58.9; H, 5.9%); 
1H NMR (300 MHz, 
CDCl3, 25 °C, Me4Si): δ = 8.44 (1 H, d,
 3J(1H,1H) = 7.0 Hz, 
3J(1H,119/117Sn) = 64/61 Hz, Acenap 4-H), 7.70 (1 H, d, 3J(1H,1H) 
= 6.4 Hz, Acenap 7-H), 7.44 (1 H, d, 3J(1H,1H) = 7.8 Hz, Acenap 
3-H), 7.27 (1 H, d, 3J(1H,1H) = 7.1 Hz, Acenap 8-H), 7.12-7.02 (3 
H, m, SPh-m,p), 6.84-6.81 (2 H, m, SPh-o), 3.40-3.30 (4 H, m, 
Acenap 2xCH2), 1.50-1.25 (8 H, m, 2xCH2-α,2xCH2-β), 1.04 (4 
H, h, 3J(1H,1H) = 7.3 Hz, 2xCH2-γ), 0.65 (6 H, t, 
3J(1H,1H) = 7.2 
Hz, 2xCH3-δ); 
13C NMR (75.5 MHz, CDCl3, 25 °C, Me4Si): δ = 
151.1(q), 148.8(q), 140.9(s), 139.7(q), 137.8(s), 137.3(q), 
132.9(q), 129.7(s), 129.5(s), 127.3(s), 126.3(q), 123.6(q), 
121.7(s), 120.7(s), 30.8(s, Acenap CH2), 30.6(s, Acenap CH2), 
28.7(s, 2xCH2-β), 26.9(s, 2xCH2-γ), 22.1(s, 2xCH2-α), 13.9(s, 
2xCH3-δ); 
119Sn NMR (100.76 MHz, CDCl3, 25 °C, Me4Sn): δ = 
3.56; MS (ES+): m/z 435.09 (100%, M-BuCl). 
6-(phenylselanyl)acenaphth-5-yl-dibutyltin chloride 
[Acenap(SnBu2Cl)(SePh)] (8): Synthesis as for compound 1, but 
with [Acenap(Br)(SePh)] (0.5 g, 1.3 mmol), 2.5 M n-butyllithium 
(0.5 mL, 1.3 mmol) and Bu2SnCl2  (0.39 g, 1.3 mmol). Yellow 
crystals were obtained from recrystallisation by diffusion of hex-
ane into a saturated solution of the compound in THF (0.46 g, 
62%); m.p. 108-110 °C; elemental analysis (Found: C, 54.3; H, 
5.3. Calc for C26H31SnSeCl: C, 54.2; H, 5.4%); 
1H NMR (300 
MHz, CDCl3, 25 °C, Me4Si): δ = 8.50 (1 H, d, 
3J(1H,1H) = 7.1 Hz, 
3J(1H,119/117Sn) = 64/61 Hz, Acenap 4-H), 7.83 (1 H, d, 3J(1H,1H)  
= 7.1 Hz, Acenap 7-H), 7.43 (1 H, d, 3J(1H,1H) = 7.0 Hz, Acenap 
3-H), 7.25 (1 H, d, 3J(1H,1H) = 7.2 Hz, Acenap 8-H), 7.12-7.03 (3 
 H, m, SePh-m,p), 6.88-6.81 (2 H, m, SePh-o), 3.45-3.33 (4 H, m, 
Acenap 2xCH2), 1.50-1.25 (8 H, m, 2xCH2-α,2xCH2-β), 1.05 (4 
H, h, 3J(1H,1H) = 7.4 Hz, 2xCH2-γ), 0.65 (6 H, t, 
3J(1H,1H) = 7.2 
Hz, 2xCH3-δ);
 13C NMR (75.5 MHz, CDCl3, 25 °C, Me4Si): δ = 
151.3(q), 148.9(q), 141.4(s), 141.2(q), 140.2(q), 139.6(s), 
135.3(q), 133.1(q), 130.0(s), 128.8(s), 127.5(s), 122.1(q), 
121.6(s), 120.8(s), 30.7(s, Acenap CH2), 30.6(s, Acenap CH2), 
28.9(s, 2xCH2-β), 26.9(s, 2xCH2-γ), 23.2(s, 2xCH2-α), 13.9(s, 
2xCH3-δ); 
119Sn NMR (100.76 MHz, CDCl3, 25 °C, Me4Sn): δ = -
12.4; 77Se NMR (51.4 MHz, CDCl3, 25 °C, Me2Se): δ = 271 (s, 
4J(77Se,119/117Sn) = 138 Hz) MS (ES
+): m/z 556.65 (100%, M-
Cl+OH), 540.71 (40%, M-Cl). 
6-ethylsulfanylacenaphth-5-yl-dibutyltin chloride 
[Acenap(SnBu2Cl)(SEt)] (9): Synthesis as for compound 1, but 
with [Acenap(Br)(SEt)] (0.5 g, 1.7 mmol), 2.5 M n-butyllithium 
(0.7 mL, 1.7 mmol) and Bu2SnCl2 (0.52 g, 1.7 mmol). Colorless 
crystals were obtained after recrystallisation from THF at -30 °C 
(0.43 g, 53%); m.p. 54-56 °C; elemental analysis (Found: C, 55.0; 
H, 6.4. Calc. for C22H31ClSSn: C, 54.9; H, 6.5%); 
1H NMR (300 
MHz, CDCl3, 25 °C, Me4Si): δ = 8.43 (1 H, d, 
3J(1H,1H) = 7.1 Hz, 
3J(1H,119/117Sn) = 66/63 Hz, Acenap 4-H), 7.66 (1 H, d, 3J(1H,1H) 
= 7.1 Hz, Acenap 7-H), 7.38 (1 H, d, 3J(1H,1H) = 6.8 Hz, Acenap 
3-H), 7.22 (1 H, d, 3J(1H,1H) = 7.5 Hz, Acenap 8-H), 3.42-3.29 (4 
H, m, Acenap 2xCH2), 2.68 (2 H, q, 
3J(1H,1H) = 6.8 Hz, 
SCH2CH3), 1.17 (3 H, t, 
3J(1H,1H) = 7.7 Hz, SCH2CH3), 1.77-1.53 
(8 H, m, 2xCH2-α,2xCH2-β), 1.25 (4 H, h, 
3J(1H,1H) = 7.0 Hz, 
2xCH2-γ), 0.77 (6 H, t, 
3J(1H,1H) = 7.7 Hz, 2xCH3-δ); 
13C NMR 
(75.5 MHz, CDCl3, 25 °C, Me4Si): δ = 150.0(q), 148.7(q), 
140.8(q), 140.4(s), 138.8(q), 136.6(s), 133.6(q), 125.5(q), 
121.4(s), 119.7(s), 33.7(s, SCH2CH3), 30.7(s, Acenap CH2), 
30.6(s, Acenap CH2), 28.9(s, 
1J(13C,119/117Sn)  = 31.0, 2xCH2-β,), 
27.1(s, 2xCH2-α),22.3(s, 2xCH2-γ), 14.3(s, SCH2CH3), 14.0(s, 
2xCH3-δ); 
119Sn NMR (100.76 MHz, CDCl3, 25 °C, Me4Sn): δ = -
12.3(s). 
Bis(6-(phenylsulfanyl)acenaphthen-5-yl)dichlorostannane 
[{Acenap(SPh)}2SnCl2] (10): Synthesis as for compound 1, but 
with [Acenap(Br)(SPh)] (0.5 g, 1.5 mmol), 2.5 M n-butyllithium 
(0.6 mL, 1.5 mmol) and SnCl4 (0.39 g, 1.5 mmol) in hexane (15 
mL). Colorless crystals were obtained from recrystallisation by 
diffusion of hexane into a saturated solution of the compound in 
THF (0.1 g, 19%); m.p. 224-226 °C; Elemental analysis (Found: 
C, 54.7; H, 4.2. Calc. for C28H26SnS2Cl2: C, 54.6; H, 4.3%); 
1H 
NMR (300 MHz, CDCl3, 25 °C, Me4Si): δ = 8.54 (2 H, d, 
3J(1H,1H) = 7.1 Hz, 3J(1H,119/117Sn) = 120/114 Hz, Acenap 2x4-
H), 7.53 (2 H, d, 3J(1H,1H) = 7.1 Hz, 4J(1H,119/117Sn) = 26 Hz, 
Acenap 2x3-H), 7.45 (2 H, d, 3J(1H,1H) = 7.1 Hz, Acenap 2x7-H), 
7.21 (2 H, d, 3J(1H,1H) = 7.1 Hz, Acenap 2x8-H), 6.77-6.66 (6 H, 
m, SPh-m,p), 6.23-6.20 (4 H, m, SPh-o), 3.52-3.37 (8 H, m, 
Acenap 4xCH2); 
13C NMR (75.5 MHz, CDCl3, 25 °C, Me4Si): δ = 
150.5(q), 149.6(q), 140.8(q), 137.9(s), 137.2(s), 137.1(q), 
136.1(q), 135.7(q), 128.6(s), 126.6(s), 126.3(q), 122.1(s), 
121.7(s), 120.8(s), 30.9(s, Acenap 2xCH2), 26.0(s, Acenap 
2xCH2); 
119Sn NMR (100.76 MHz, CDCl3, 25 °C, Me4Sn): δ = -
192.0(s). 
Bis(6-(phenylsulfanyl)acenaphthen-5-yl)diphenylstannane 
[{Acenap(SPh)}2SnPh2]  (11): Synthesis as for compound 1, but 
with [Acenap(Br)(SPh)] (0.5 g, 1.5 mmol), 2.5 M n-butyllithium 
(0.6 mL, 1.5 mmol) and Ph2SnCl2 (0.52 g, 1.5 mmol). Colorless 
crystals were obtained from recrystallisation by diffusion of hex-
ane into a saturated solution of the compound in THF (0.26 g, 
44%); m.p. 220-222 °C; elemental analysis (Found: C, 72.4; H, 
4.6. Calc. for C48H36SnS2: C, 72.5; H, 4.6%;); 
1H NMR (300 
MHz, CDCl3, 25 °C, Me4Si): δ = 8.71 (2 H, d, 
3J(1H,1H) = 7.1 Hz, 
3J(1H,119/117Sn) = 63/60 Hz, Acenap 2x4-H), 7.66 (2 H, d, 
3J(1H,1H) = 7.2 Hz, Acenap 2x7-H), 7.55 (2 H, d, 3J(1H,1H) = 7.0 
Hz, Acenap 2x3-H), 7.49-7.42 (4 H, m, SnPh-o), 7.30-7.23 (2 H, 
m, Acenap 2x8-H), 7.17-7.07 (6 H, m, SPh-m,p), 6.87-6.77 (2 H, 
m, SPh-p), 6.77-6.68 (4 H, m, SPh-m), 6.40-6.31 (4 H, m, SPh-o), 
3.53-3.38 (8 H, m, Acenap 4xCH2); 
13C NMR (75.5 MHz, CDCl3, 
25 °C, Me4Si): δ = 151.0(q), 149.9(q), 142.0(q), 141.6(s), 
140.1(q), 138.0(s), 136.7(q), 136.2(s), 131.5(q), 129.1(s), 
128.9(s), 128.7(s), 127.6(s), 126.5(s), 125.3(q), 121.9(s), 121.0(s), 
30.9(s, Acenap 2xCH2), 30.8(s, Acenap 2xCH2); 
119Sn NMR 
(100.76 MHz, CDCl3, 25 °C, Me4Sn): δ = -166.9(s); MS (ES
+): 
m/z 535.05 (100%, M-Acenap(SPh)). 
5-bromo-6-ethylsulfanylacenaphthene [Acenap(Br)(SEt)] 
(15): To a solution of 5,6-dibromoacenaphthene (10.0 g, 32.0 
mmol) in dry diethyl ether (60 mL) at −78 °C was added dropwise 
a 2.5 M solution of n-butyllithium in hexane (12.1 mL, 32.2 
mmol). The reaction mixture was stirred for 1 h after which a 
solution of diethyl disulfide (4 mL, 32.2 mmol) in diethyl ether 
(10 mL) was added dropwise to the reaction solution at -78 °C. 
After stirring at this temperature for 30 min, the reaction mixture 
was allowed to warm to room temperature and then washed with a 
0.1 N NaOH solution (2 x 50 mL). The organic layer was the 
collected, dried over MgSO4 and concentrated under reduced 
pressure to afford the title compound as a yellow powder. Color-
less crystals were obtained from recrystallisation by diffusion of 
hexane into a saturated solution of the compound in DCM (2.99 g, 
34%); m.p. 79-81 °C; elemental analysis (Found: C, 57.4; H, 4.3. 
Calc. for C14H13SBr: C, 57.3; H, 4.5%); 
1H NMR (300 MHz, 
CDCl3, 25 °C, Me4Si): δ = 7.70 (1 H, d, 
3J(1H,1H) = 7.4 Hz, 
Acenap 4-H), 7.49 (1 H, d, 3J(1H,1H) = 7.4 Hz, Acenap 7-H), 7.18 
(1 H, d, 3J(1H,1H) = 7.4 Hz, Acenap 8-H), 7.05 (1 H, d, 3J(1H,1H) 
= 7.4 Hz, Acenap 3-H), 3.29 (4 H, s, Acenap 2xCH2), 2.96 (2 H, 
q, 3J(1H,1H) = 7.5 Hz, SCH2CH3,), 1.33 (3 H, t, 
3J(1H,1H) = 7.5 
Hz, SCH2CH3,);
13C NMR (75.5 MHz, CDCl3, 25 °C, Me4Si): δ = 
146.9(q), 145.7(q), 141.9(q), 135.9(q), 135.0(s), 132.0(s), 
129.6(q), 120.7(s), 120.2(s), 114.5(q), 30.4(s, SCH2CH3), 30.1(s, 
Acenap CH2), 30.0(s, Acenap CH2), 13.6(s, SCH2CH3); MS 
(ES+): m/z 293.99 (100%, M+). 
Crystal structure analyses. X-ray crystal structures for 1, 2, 6-
8, 10 and 11 were determined at −148(1) °C using a Rigaku 
MM007 high-brilliance RA generator (Mo Kα radiation, confocal 
optic) and Saturn CCD system. At least a full hemisphere of data 
was collected using ω scans. Intensities were corrected for Lo-
rentz, polarization, and absorption. Data for compounds 3-5 and 
14 were collected at –148(1) °C with a Rigaku SCXmini CCD 
area detector with graphite-monochromated Mo-Kα radiation (λ= 
0.71073 Å). Data were corrected for Lorentz, polarisation and 
absorption. Data for compound 9 were collected at −148(1) °C 
using a Rigaku MM007 high-brilliance RA generator (Mo Kα 
radiation, confocal optic) and Mercury CCD system. At least a 
full hemisphere of data was collected using ω scans. Data for all 
compounds analyzed were collected and processed using Crys-
talClear (Rigaku).41 Structures were solved by direct methods42 
and expanded using Fourier techniques.43 Non-hydrogen atoms 
were refined anisotropically. Hydrogen atoms were refined using 
the riding model. All calculations were performed using the Crys-
talStructure44 crystallographic software package except for re-
finement, which was performed using SHELXL2013.45 These X-
ray data can be obtained free of charge via 
www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge 
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 
1EZ, UK; fax (+44) 1223-336-033; e-mail: depos-
it@ccdc.cam.ac.uk; CCDC nos. 1020875-1020898. 
 
ASSOCIATED CONTENT  
Supporting Information 
 X-ray crystallographic data and figures. This material is available 
free of charge via the Internet at http://pubs.acs.org.  
AUTHOR INFORMATION 
Corresponding Author 
*J.D.W.: fax, (+44) 1334 463384; e-mail, jdw3@st-
andrews.ac.uk.  
Notes 
The authors declare no competing financial interests. 
ACKNOWLEDGMENT  
Elemental analyses were performed by Stephen Boyer at the Lon-
don Metropolitan University. Mass spectrometry was performed 
by Caroline Horsburgh at the University of St. Andrews Mass 
Spectrometry Service. The work in this project was supported by 
the Engineering and Physical Sciences Research Council 
(EPSRC) and EaStCHEM. 
 
REFERENCES 
(1) (a) Coulson, C. A.; Daudel, R.; Robertson, J. M. Proc., R. Soc. 
London, Ser. A 1951, 207, 306. (b) Cruickshank, D. W. Acta Crystallogr. 
1957, 10, 504. (c) Brock, C. P.; Dunitz, J. D. Acta Crystallogr., Sect. B 
1982, 38, 2218. (d) Oddershede, J.; Larsen, S. J. Phys. Chem. A 2004, 108, 
1057.  
(2) Hazell, A. C.; Hazell, R. G.; Nørskov-Lauritsen, L.; Briant, C. E.; 
Jones, D. W. Acta Crystallogr., Sect. C 1986, 42, 690. 
(3) For example, see: (a) Katz, H. E. J. Am. Chem. Soc. 1985, 107, 
1420. (b) Alder, R. W.; Bowman, P. S.; Steel, W. R. S.; Winterman, D. R. 
Chem. Commun. 1968, 723. (c) Costa, T.; Schimdbaur, H. Chem. Ber. 
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M.; Slawin, A. M. Z.; Woollins, J. D.; Kilian, P. Angew. Chem., Int. Ed. 
2012, 51, 10150. 
(16) Knight, F. R.; Randall, R. A. M.; Roemmele, T. L.; Boeré, R. T.; 
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Bühl, M.; Slawin, A. M. Z.; Woollins, J. D. Chem. Eur. J. 2010, 16, 7605. 
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